9. Timmermann, A. et al. J. Clim. 20, 4899-4919 (2007 As anyone knows who has ever put together one of those home-assembly bookshelves, most man-made structures can only be built by following a defined sequence of steps. It is difficult to set aside this preconceived notion of linear assembly when thinking about how cellular structures emerge. Yet a landmark paper by Kaiser, Intine and Dundr 1 , published in Science, makes a powerful case for the formation of biological structures by apparently random pathways and self-organization.
The mammalian cell nucleus is a prototypical, highly organized biological structure 2 . Not only does it hold most of an individual's genetic information, but it is also the site of many essential processes, such as reading, copying and repairing the genome. To coordinate these events -and presumably to make them more efficient -the nucleus is highly compartmentalized and contains numerous nuclear bodies that have distinct functions 2 . Kaiser and colleagues 1 set out to investigate the formation of a prominent nuclear compartment called the Cajal body, a roughly spherical structure of 0.5-1 micrometres diameter. There are typically several Cajal bodies in every nucleus, often near clusters of genes encoding histone proteins or small nuclear RNAs (snRNAs) 3 . Their precise function is unclear, but the fact that they contain factors involved in small-RNA processing suggests they might be involved in modifying nuclear RNAs and in recycling RNA-processing factors 3 . Like all other nuclear compartments, Cajal bodies lack a membrane, and are highly dynamic yet stable steady-state structures, exchanging their proteins rapidly and continuously with the surrounding nuclear space 2 . How Cajal bodies, and indeed all other nuclear bodies, are formed and maintained without membrane boundaries has been a puzzle. Two fundamentally different models have been considered 4 . One ideaakin to the bookshelf-assembly strategy -is that Cajal-body proteins bind to scaffold proteins in an orderly manner to gradually build up the structure. Indeed, scaffold pathway, as any Cajal-body protein can initiate the formation of the entire structure. These observations do not agree well with a linear-assembly model and point to selforganization as a driving force in the assembly. Several other features of Cajal bodies also favour a self-organization model. First, Kaiser and colleagues 1 show that the recruitment of any native protein to a newly formed Cajal body occurs with similar kinetics, suggesting largely random assembly. Second, previous work has shown that coilin and SMN can self-assemble 5 . This tendency of the two proteins might be crucial for the assembly process, as Kaiser et al. show that Cajal bodies form less efficiently in the absence of either coilin or SMN, hinting that these marker proteins serve to stabilize transient interactions among other Cajal-body components. Third, Cajal-body proteins are highly dynamic, and move rapidly between this structure and its surroundings -a requirement for a self-organization process. But perhaps most telling is the authors' finding 1 that, despite the ready availability of building blocks, the size of the structure formed de novo is limited, a classic hallmark of self-organization.
Are these results relevant to other nuclear structures? Probably. For one thing, Kaiser and colleagues report that tethering of PML -a marker protein of another nuclear bodyleads to the formation of a PML body. Furthermore, much of what we know about nuclear bodies suggests shared principles of organization. Like the Cajal body, all known nuclear bodies represent dynamic steady-state systems that undergo rapid exchange of components 2 . Moreover, other nuclear bodies also seem to form at specific nuclear sites. Whereas Cajal bodies preferentially associate with clustered histone and snRNA genes 6 , the nucleolus -the most prominent nuclear substructure -forms around sites of ribosomal-RNA transcription, and compartments enriched in factors mediating pre-messenger-RNA splicing form near the sites where RNA is transcribed. The likeliest possibility, therefore, is that nuclear bodies assemble at sites of high gene activity function has been ascribed to two prominent Cajal-body marker proteins, coilin and SMN (Fig. 1a) . Alternatively, it has been suggested that nuclear bodies form through self-organization, whereby their components simply aggregate in a stochastic, largely random way (Fig. 1b) .
To distinguish between these two models, Kaiser et al. 1 first asked a fundamental question: can Cajal bodies form de novo? The authors used a bacterial tethering system to immobilize individual Cajal-body proteins at an engineered random site in the genome of mammalian cells. Not entirely unexpectedly, coilin and SMN were each sufficient to form an apparently normal, functional Cajal body. Surprisingly, however, when the authors tethered minor Cajal-body components to the same genomic site, just about any Cajal-body component could initiate the formation of this structure, including all RNA-processing factors. In fact, minor components were more efficient at forming Cajal bodies than coilin and SMN.
These findings lead to two main conclusions. First, the formation of Cajal bodies does not require a specific gene locus, and could potentially occur anywhere in the genome. Second, this process does not require a strict hierarchical through the accumulation of freely diffusing proteins, which leads to the nucleation of a distinct body. In that sense, Kaiser and colleagues' tethering experiments may simply recapitulate the immobilization these factors normally experience at their sites of action.
Having said that, the main caveat of this study 1 is uncertainty about its physiological relevance. It is not known whether de novo assembly of Cajal bodies occurs naturally, or, if it does, whether it is a frequent occurrence. In fact, Dundr and colleagues previously observed that, when activated, snRNA gene loci can be recruited to pre-existing Cajal bodies 7 . So it is essential now to establish whether de novo assembly or recruitment of pre-assembled Cajal bodies is the preferred means of pairing up these structures with their target genes.
Regardless of this, the present work 1 represents a major step forward. Not only does it provide a conceptual framework for probing nuclear-body formation further, but it also gives us a potential means of succeeding in one of the remaining quests of modern cell biology -finding out how cellular structures form in vivo. ■ Tom Misteli is at the National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20892, USA. e-mail: mistelit@mail.nih.gov Just ten years ago, who would have thought that you would be able to carry around your entire music collection in your shirt pocket, or your complete genome on a key ring? These amazing feats depend on miniature information-storage devices, which in turn are based on tiny integrated circuits. Although current technology is incapable of scaling down circuits much further, selfassembling nano particles could be pressed into service to make much smaller circuitry elements. But there's a problem -nanoparticles self-assemble into hexagonal arrays that are incompatible with the square arrangements used in industry-standard circuits. Reporting in Science, Tang et al. 1 describe a method in which appropriately designed polymers form nanoparticles that assemble into square arrays.
The tiny structures found in integrated circuits are currently made by photolithography -a technique that uses ultraviolet light to create patterned masks from lightsensitive polymers, which are then used to control the etching of structures into the surfaces of silicon chips. The resolution of this technique is limited to about 100 nanometres (the wavelength of the light used to make the masks). But round nanoparticles can self-assemble into smaller patterns, packing together like oranges in a box. If this process could be used to make smaller features on circuits, it would make a huge difference to the amount of data that can be stored on a chip: a tenfold decrease in feature size could increase information density 1,000-fold.
Self-assembled structures are well known in nature -molecules such as lipids form both nanostructures (vesicles and micelles) and thin films (membranes). The synthetic analogues of lipids are block copolymers. Eleven years ago, it was shown 2 that cheap processes can be devised in which vast arrays of these synthetic polymeric nanoparticles form spontaneously, creating structures ten times smaller than can be made by expensive photolithography. The electronics industry immediately saw the potential benefits of this, but was unable to find a cost-effective way of reworking circuitdesign software and fabrication protocols to cope with the hexagonal arrays formed by self-assembly. The Semiconductor Industry Gáspár Jékely and colleagues' paper on page 395 literally takes the eye. It provides a neat dissection of how the two eyespots in the larva of a marine worm (Platynereis dumerilii) perceive light, and then how the larva responds with differential beating of cilia and a directed, helical swimming action (G. Jékely et al. Nature 456, 395-399; 2008).
These stills come from a dynamic computer simulation, created from first principles, in the authors' Supplementary Information. They show the movement of six virtual larvae that are attracted to a shifting light source; the simulation is initiated in frames 1 and 2, and shows the larval reaction when the light source moves to three different positions (frames 3, 4; then 5, 6; and finally 7, 8) . The spiral trajectories traced by each of the organisms closely mirror the behaviour of real Platynereis larvae.
This apparently inefficient form of motion, conclude Jékely et al., is optimal for combining eyespot light detection with precise navigation. The authors also point out that at least some of the same principles probably apply to the many members of the zooplankton that swim in spiral fashion.
More about the paper can be found in 'Making the paper' 
